Summary &horbar; The gas atmosphere and medium composition are critical factors in the in vitro development of one-and two-cell embryos of several species. The present study evaluated the effect of different 0 ¡ C0 2 concentrations (2/5, 2/10, 5/2.5, 5/5, 5/10, 10/10 and 21/5) on pig one-and two-cell embryo development. The embryos were individually cultured, for 6 days at 39 °C in a medium rich in bicarbonate and glutamine and containing pyruvate and lactate but lacking glucose. When the C0 2 levels increased from 2.5% to 10%, the pH of the medium decreased from 8.2 to 7.5 and the development of the embryos was affected, but this depended mainly on the 0 2 levels. Pig embryo development was inhibited by 2 and 21 % 0 2 levels. The optimum level for pig embryo development was 5% 0 2 and 5% C0 2 , whatever the criteria used to evaluate embryo development. At these optimal levels, the mean number of cells per embryo was 26 t 1.7 (Is mean * SE) , and 50% of the one-and two-cell embryos developed to blastocysts. The substitution of 0.5% bovine serum albumin (BSA) in the medium by 0.3% polyvinyl-pyrrolidone (PVP) significantly decreased the one-and two-cell embryo development. When the calcium and chloride contents of the medium with PVP were reduced, however, the embryo development was similar to that observed in the medium containing BSA. Pig embryo development in vitro was found to be optimal under an atmosphere of 5% 0 2 and 5% C0 2 and PVP could replace BSA as the high molecular weight supplement. 
INTRODUCTION
Good development of porcine one-and twocell embryos is not yet possible in completely synthetic medium. This could be due to a combination of factors such as deficiences or imbalances of some components in the medium and/or a nonoptimal atmosphere. In vivo, oxygen tension is low in the oviduct and uterus of the rabbit, hamster, rhesus monkey and rat (3-6% oxygen, Mastroianni and Jones, 1965; Mitchell and Yochim, 1968; Fischer and Bavister, 1993) . In pigs, the development of embryos has been observed in 5% oxygen (Davis and Day, 1978; Lindner and Wright, 1978; Stone et al, 1984; Petters et al, 1990) or in air (Niemann et al, 1983; Hagen et al, 1991; Petters and Reed, 1991; Hajdu et al, 1994; Miyano et al, 1994; Prather et al, 1995; Rath et al, 1995) . Schneider et al (1975) observed development in two different gas compositions, but according to Wright (1977) , 5% oxygen was more beneficial than air. The discrepancies between these results are presumably the consequence of differences in the initial stages of development, medium composition, culture conditions (number of embryos per unit volume, presence or absence of oil, etc) and criteria for the evaluation of development (Paria and Dey, 1990; Ferry et al, 1994) . In contrast to many other species, the role of C0 2 /pH, in pig embryo development has not yet been investigated. Bavister (1988) , however, reported an improved development of hamster embryos with 10% C0 2 in a medium containing a high concentration of NaHC0 3 . Farrell and Foote (1995) observed the development of rabbit embryos to blastocysts in 5% oxygen and 10% C0 2 ; furthermore, the oviductal fluids of the rabbit and rhesus monkey are rich in HC0 3 (Vishwakarma, 1962; Maas et al, 1979) .
The main objective of this paper was to study the effect of oxygen and C0 2 /pH on the development of porcine one-and twocell embryos. The basic medium used in this study contained a high bicarbonate concentration, lactate plus pyruvate, high levels of glutamine (Rieger, 1992) and antioxidants but lacked glucose and phosphate (Petters et al, 1990; Leese, 1991; Petters and Reed, 1991) . The in vitro development of the embryos of several species is dependant on the number or density of embryo cultured per unit volume (Wiley et al, 1986; Gardner, 1994; Carolan et al, 1995) . To avoid this effect, the one-and two-cell embryos were individually cultured in all experiments. As in other species, progress in defining the factors involved in porcine embryo development in vitro will require a fully synthetic medium. The media used in this study was derived from NCSU 23 (Petters and Reed, 1990) and from UB medium (Petters and Wells, 1993 
DISCUSSION
Oxygen concentration appears to be a key factor controlling the in vitro development of the porcine embryo. Under our conditions, the optimal concentration was close to 5%. This is similar to the situation existing in other species, except perhaps in the cat (Johnston et ai, 1991 The in vitro development of the one-or two-cell embryos in the mouse (Whitten, 1957; Auerbach and Brinster, 1968; Quinn and Harlow, 1978) , rabbit (Li and Foote, 1993; Lindenau and Fischer, 1994) , sheep and cow (Thompson et al, 1990a; Carolan et al, 1995) , goat (Batt et ai, 1991) and human (Noda et al, 1994) is optimal under low oxygen levels (3-7%). Lower and higher oxygen concentrations were detrimental, suggesting that an optimal amount of active oxygen intermediates are required to stimulate development (McCord, 1995) . An excess of free oxygen radicals, however, can negatively affect lipids, proteins, carbohydrates and DNA, cause major cell damage (see review, Jaeschke, 1995) and retard cell growth during culture (Joenje, 1989) . The propidium iodide method used for dead cell determination presumably underestimates the proportion of damaged cells. In the present study, however, there was no increase in dead cell number. This was perhaps due to the presence of vitamins E and C, taurine and hypotaurine in the medium, which act as free radical scavengers (Olson and Seidel, 1995; Thompson et al, 1990b) .
This study also demonstrated that embryo development in medium N is also dependent on C0 2 /pH. Low (1993) and by Prather et al (1995) , who also performed individual culture, and by other groups (Petters and Reeds, 1991; Beckman and Day, 1993; Petters and Wells, 1993; Hadju et al, 1994; Rath et al, 1995) . Thus, the one-and two-cell porcine embryos can develop in the absence of glucose, but with lactate, pyruvate and glutamine even without BSA. These results support the work of Leese (1995) and Rieger (1992) (Attwood, 1995) . Furthermore, bicarbonate seems essential to pig fertilization in vitro (Suzuki et al, 1994) . As in other reports, the in vitro development is 1 to 2 days behind the in vivo development (Papaioannou and Ebert, 1988) . The addition of foetal calf serum to culture medium did not improve the development rate (Pollard et al, 1995 (Rorie et al, 1994 ). This could also be an effect of the high levels of CI-. In medium U/PVP with lower levels of Ca 2+ and Cl-( 
